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Introduction
At present, hybrid vehicles have gradually become a research hotspot. Domestic and foreign OEMs have started to market plug-in hybrid vehicles in recent years. However, the current common hybrid vehicles have the contradiction between fuel economy and economy. The advantages of micro-mixing Paper ID: ICEEE2018-006 technology is low in technology, low in cost, and short in development cycle, but its fuel-saving potential is limited, and the fuel-saving rate is 5% to 7%. Strong mixing technology can reduce the fuel consumption of the whole vehicle by more than 25%, but the cost is high. The system is complicated, and the mass production is difficult [1] . The 12 V start-stop system is a micro-hybrid system. Due to its low technical difficulty and low cost, it has been equipped on many massproduced models, but the fuel-saving effect is not obvious. And the customer experience in today's big environment is not good, so most drivers are not willing to open this feature. High-pressure hybrid systems can significantly reduce fuel consumption and emissions, but the technology is very difficult and costly. For high-voltage and high-powered hybrid systems, more batteries are needed, and the motor is larger. Increasing the weight of the car also has a great impact on the weight of the car, which will affect the driving range of the hybrid car. In this context, in 2011, Germany's major auto and component manufacturers proposed a 48 V system solution for cost reduction and fuel consumption reduction. The 48V system allows start/stop performance far beyond the existing pure 12V architecture system, which allows the hybrid of the motor to be used to mitigate transient response problems of large turbochargers while optimizing. All of these solutions and more potential applications increase carbon dioxide performance and ultimately reduce costs, but do not have to consider the inherent complexity of today's 12V solutions. The 48 V system can reduce fuel consumption and emissions, while meeting the power demand of more loads on the car, and has broad application prospects. The development and introduction of a 48V system is not without major engineering challenges, but it is the energy efficiency required to reach OEMs to meet upcoming emissions challenges and customer aspirations.
48V system composition and function description
The 48V micro hybrid system (here in after referred to as 48V system) is mainly composed of 48V battery, DC-DC module, BSG motor (ISG), etc. [2] , the system is shown in Figure 1 : 48V battery and its management system: to provide energy for the start-stop phase, while storing the feedback energy during braking.
DC-DC module: Turn 48V to 12V to charge the auxiliary power supply on the car.
BSG (ISG): The engine is driven by the belt during the start-stop phase, and auxiliary power can be provided under certain conditions. When the engine is fed back, the 48V battery and the 12V battery can be charged.
Research on 48V System Control Strategy
In view of the functional requirements of the 48V system, this paper studies the start-stop technology, torque distribution and battery management strategy. This paper selects 10kw BSG motor, and the battery uses 8AH lithium iron phosphate battery.
Research on Start-stop Technology Control Strategy
The engine start-stop technology (referred to as the start-stop technology) is to automatically stop the fire when the vehicle is temporarily parked during driving (for example, waiting for a red light). When it is necessary to move on, the system automatically restarts the engine's system. Its working principle is that when the vehicle temporarily stops during driving (for example, waiting for the traffic light), the ECU shuts down the engine and cancels the idle condition to reduce the unnecessary fuel consumption loss under the idle condition; when the ECU detects the driver's driving intention The engine can be started quickly to ensure the speed of driving. Start-stop technology has a good fuelsaving effect in urban traffic conditions where traffic is congested [3] . The trigger conditions for Paper ID: ICEEE2018-006 enabling and stopping the engine and automatically starting the engine are given below. 
Research on Torque Distribution Control Strategy
The torque distribution control strategy includes brake energy recovery control and torque assist control. The torque distribution control strategy includes brake energy recovery control and torque assist control. When the car is decelerating and braking, the ECU allocates the ratio of the mechanical brake and the electric brake according to the required braking force, thereby converting the mechanical energy into electrical energy for storage and energy recovery. When the car is under acceleration or under full load conditions, the motor provides additional torque output to the engine for torque assist. This paper formulates a rule-based torque distribution control strategy based on the actual torque demand of the vehicle. The front wheel braking torque is provided by the electric brake, the rear wheel is completely provided by the mechanical brake, and the braking force applied to the front and rear wheels follows the ideal braking force distribution curve.
Brake acceleration is greater than 0.1g and less than 0.7g
The front wheel braking torque is provided by the electric brake, the insufficiency is provided by the mechanical brake, the rear wheel is completely provided by the mechanical brake, and the braking force applied to the front and rear wheels follows the ideal braking force distribution curve, and the motor can provide Braking torque is limited by the mechanical characteristic curve of the motor Brake acceleration is greater than 0.7g
In order to meet the quick response of the emergency brake, the electric brake is stopped. All braking torque is fully provided by mechanical brake
The speed is less than 16km/h Due to the low efficiency of the motor, no electric braking is performed. 
Battery Management System (BMS) Control Strategy Research
The battery management system of the 48 V system mainly detects the state of charge (SOC), state of health (SOH), temperature, etc. of the battery to ensure the reliability of the battery so that it does not overcharge or over discharge. Short circuit and overheating, and responsible for the equalization control of the single battery. In this paper, through the monitoring of battery SOC, the corresponding battery charge and discharge control strategy is developed [4] . The demand torque of the motor is consistent with the actual torque SOC is greater than 0.85 and less than 0.95 Only allow the motor output power and multiply by a gain factor of 1.2 to quickly drop the SOC to the safe area SOC is greater than 0.45 and less than 0.55
Only the motor is allowed to generate electricity and multiplied by a gain factor of 1.2 to quickly raise the SOC to a safe area.
Vehicle model establishment
In this paper, the vehicle dynamics simulation software AVL Cruise is used to build a complete vehicle model, including engine model, gearbox model, motor model and power battery model. The corresponding algorithm input is designed into the AVL Cruise model through MATLAB/Simulink for co-simulation to verify the fuel economy of the control strategy.
Battery Management System (BMS) Control Strategy Research
The vehicle model built using AVL Cruise is shown in Figure 2 
Motor model
The motor model was established using a combination of experimental data and dynamics. The main data is the motor speed-torque curve and motor efficiency MAP. In this paper, the startstop motor of the 48 V system uses a permanent magnet synchronous motor. The performance of the start-stop motor is as follows. The operating characteristics are shown in the figure below. 
Control strategy model
The control strategy model includes a control strategy model for engine start and stop and a control strategy model for torque distribution. Import design control strategies into AVL Cruise via Simulink. 
Simulation result analysis
The test cycle uses the NEDC operating conditions to compare the fuel consumption of the prototype car with the modified car equipped with a 48V system. By comparing the simulation results in the figures, the fuel-efficient effect of the modified vehicle equipped with the 48V system can reach 15.8%. It is a good proof of the effectiveness of the fuel consumption reduction strategy.
In this experiment, the battery capacity of 8Ah was selected. By changing the capacity of the battery, the fuel efficiency parameters of the 48V micro-mixed vehicle under the same working condition (NEDC working condition) were obtained as follows: By comparing the simulation results in the table, it can be obtained that continuously increasing the battery capacity cannot significantly improve the fuel economy, but will continue to increase the system cost. From the simulation results, the 10Ah capacity battery is a relatively good battery capacity.
Conclusion
Based on the simulation analysis of the fuel consumption reduction strategy of a 48V microhybrid vehicle, the feasibility of the joint simulation of Cruise and Matlab/Simulink is verified, which provides a feasible solution for the modeling, debugging, verification and optimization of control strategy. Cruise and Matlab/Simulink co-simulation are suitable for hybrid vehicle development and fuel economy simulation.
In this paper, the simulation results of the fuel consumption of the 48V micro-hybrid modified vehicle and the prototype under the same working conditions verify the effectiveness of the designed fuel consumption reduction strategy, which can achieve about 15% fuel saving effect. The 48V micro-hybrid system can obtain good fuel-saving effect without significantly increasing the cost, and the technical difficulty is relatively low. It is a relatively economical and effective technical means to meet the requirements of the fourth-stage fuel consumption standard. At the same time, through the analysis of the simulation results, it is found that continuously increasing the capacity of the 48V system battery does not significantly increase the fuel economy. From the current simulation results, when the battery capacity is 10Ah, the system cost will not be significantly increased, but a very good fuel economy effect can be obtained [4] [5] [6] .
